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By R. A. Sheels,{Divisicn «f Gypsy snd Brown-tzil Moths Control,

end F. C. Crsighead, Division »f Forest Insect Investigetions

The sopplication of insecticides by meens of eirplenes has been the sub-
jeet of study for about 20 yeers. Commercial sirplene dusting of cotton for
control of the boll weevil hes bheen eavailable to growers for severzl years.
It has proved very effective, and prewar costs were as low &s 50 cents to $1
sn scre, depending on the terrain and the esmount of insecticide used per
application. Many ettempts heave been made by Federsl and State sgencies and
commercial dusting concerns to treat forested aress by means of airplane
dusting for control of defoliators. These ettempts have been more or less
unsuccessful, or at lecst not opractical, because of the inherent difficul-
ties in the use of dusts end the kind of insecticides eveileble, together
with the high cost of operetion in comparison with the value ~f the timber
to be protected.

Recently experimental work in this field hes been renewed, for the
purpose of testing the effectiveness of DDT (2,2-bis(p-chlorophenyl)-
1,1,1-trichloroethane), when epnliecd in this menner. This meteriel,
beceuse of its greater toxicity, can be used in comvorstively small quenti-
ties per @cre 2nd cen be recadily znplisd from sircraft s & spray which
adheres well to the foliage =nd other parts »f the trees. The work done
in 1944 with DDT has given such promising results thet it secms desireble
to present these results, with the hove thst it 11ill eucourage further
developments, esnecially by privete enterprise. In this peper the dete
from several experimentel tests irn = cnoperative project carried on by the
Division of Gypsy and Brown-tzil Meoths Control snd the Divisicn of Forest
Insect Investigetions mre presented, end suggestions zre made for future
work.

Two airplanes have been used in this work, a White Standard biplane
capeble of cerrying cpproximstely 700 pounds of pay losd, znd o Piper cub
plane with & canzcity of sbcut 250 pounds. The White Standard vlene is
equipped with a distributing apparatus, the essential features of which
consist of two units of four disks each, set at either side of the slip
streem and rotated by smell air-driven propellers. THe spr-y mixture is
fed by gravity onto these disks from a tank within the plane. The spray
released from this device is atomized end s=ttles 85 a Tine mist on the
forest canopy, penetreting to the understory. In the cub plene the liquid
is relessed under pressure from e series of nozzles sttscned to 2 cross
pipe under the fuselage. Applicetions were mede at the rate of 5 pounds



of DDT in 5 gallons of ljquid per acre for the earlier work in 1944,

with o gradual reduction down %o as little es 1/2 -pound of DDT in 1/2
gallon of liquid in later applicatious. Teble 1 lists the treetments made
during the 1944 seceson. All of them, with the exception of the Greenfield,
N. Y., plot, where the Piper cub plene was used, wcere epplied with the
White Stendard biplene.

The results of these applications were remerkeble in the light of the
low dosages used. Complete control of the gypsy moth, the red-headed pine
sawfly, end the grecn-striped meple wern wes chtzined by using 5 pounds. of
DDT in 5 gellons of Liquid per acre. Complets cr rearly complete control
of the ei-pesnded pine sewfly erd Dipriou fruselorum (¥.) (cnotrer cawfly
on pine; woe obtained with 2.20 and o povnds of D in 2.95 snd 2 gzellons
of spray per aecre, roespactively., Bocsuse of tne success of Lhoss lower
dosages, furtier reducticns were mede zn?d narsisl conirol of D. frutetorum
wes obteined witn 1 pound ot DOT in 1 gallon of sprﬁy ner 2¢rz. The ob-
servotions indiceted that the gellonage of sprey per rox ust Le veried
according to cthe volume of foliage per acre to be trecte Tentatively,
it appears that wherc there is reletively little folisge per acre, as in
plantations, good control mey be expected from 1 pound of DDT in 1 gallon
of spray per rcre, whereas under forest conditicons 2 pounds of DDT in 2
gellons of liquid mey be necessery. Further cxperimentation is essentiel
before definite conclugions csn be drawn, becruse different species of
insects very considercbly in their susceptibility to poiscning by DDT.
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Flying =2t 80 miles per hour =bout 50 feot “bﬂvv”fhé trectops, the
White Stenderd biplaune depositod sprry over = sweth of soproximetely
120 feet. The distributing :pparatus wes therefoare sdjusted to deliver
20 gellons of sprey per minute (10 zallons ver unit). This rate of dis-
tribution is equivelent to 1 gellon per cerc. Sincee this is s=bout the
meximum output possible with the spooratus in use ot vresent, aress on
which 2, 3, or more gcllons per . scre were 2pplicd were trgmtwd two, three,
or more times. The apparatus wes edjusted to deliver 10 grllons ver minute
when treatments of 1/2 gellon per scre were desired.

The spinner distributing device worked very well for the type of plane
and the type of experimentel work underteken. Flens are under way. for
modificotion end improvemsnt of the cquipment. It is possible that finer
atomizetion »f the sprey particles then is obtein:d =t present mey prove
practical., Tests should alsc be meds with other types of distributing
devices, which will utilize the forward motion of faster snd lsrger plenes
to atemize the soray material. The ges tanks might be used for carriers
of the irsecticidel spray.  Some such devices sre now in use by the Army
and Navy. '



of the application by airplaneﬁtr DDT againgt forest insects in 1944

Table l.--A summary
: : Area sDeasage :Amount of : (Fermula) - : .
Date : Place s. treated : _ Insect : per :spray used: (parts by weight : Results
: 2 - : ) s adre , :per acre approximately) :
‘ : S :Pounds : Gallens : . T .
May 3 :Jefferson, :20°acres :Gypsy moth s 5.0 5 ., :DDT, 1~ 1 Complete control.
: Pa. : -(prior to hatch) : : :Cyclohexanone, 1 ¢
3 ' H : H ‘Shell oil, 7 ¢ ,
2, :Greenfieldy : 5 do. Gypsy moth : 5,0 5 ' “do. s do.- .
¢ N, Yo : :{2nd and Brd : : : :
s : stages) : : ' : : ~
June 7:Algonquin : 8 do, :Spruce budworm - : 5.0 : 5 :DDT, 1 T Regults cannot be
'y nark Ont 1, : (mostly pupae) : : - :Cyclohexanone, 1 % given until 1945.
: ) : o : -~ :Mentor #29 oil, 7 : ' o
27: ‘do, :12.8 do. : do. : 3,0 /A s do. ~ : do.
27: do. : 9.6 do. : . do. . . 2.0 4 : do. : do.
30:Brasher, :. 5 . do. :Red-headed pine : 5.0 : 5 :DDT, 1 : Complete control.
+ N. Y. s : sawfly (mostly : : :Cyclohexanone, 1 :
: . <. : larvae) . : : ghell oil, 7 :
30: " do, :11 do. : do. . s T 2425 2.%_ ae,. . .3 do.
July 7:Derby Line, : 5 do. :Green-striped : 5.0 : 5 do. : do.
: Vt. I : maple worm- : : :
: T : (larvae ) : : ) : : :
Aug. 1l4:Pittston, :40 do. : . 2/ : 5.0 : 5 :DDT, 1 :
: Pa. : : , : ‘ :Xylene, 1.5 :
: s C 1 : :Shell oil, 6.5 :
Sept.l6:Litchfield, : 1 swath :Diprion frute- : 2.0 = 2 :DDT, 1 : Cood; perhaps
¢ Conn, L .~ : torum sawfly 2 : sXylene, le¢5 : complete contrel.
: : (larvae) : : :Shell oil, 6.5 : .
16: do. : 1 do. do. : L0 1 : do. “sConsiderable kill but also
: : : : : _ : L . considerable survival. ’
16: do. : 1 do. : do. : .5 1 : do. :Slight kill.
16: do. : 1 do. : do, % i -5 3 R do,. . : do.
12:Vlendell, : 1 do. : Wooddend T 3.0 : 3 : do. : Complete kill of
: Mass. : : 3 S : : caged larvae. 2/

Table continued
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If DDT can be applied at the rate of 1 pound in 1 gallon of solvent,
i.e., a total of 8 pounds per acre, rether lerge areas cen be covered with
one loading of the plane. With larger vlanes it might eventually be pos-
sible to spray almest a square mile with one loeding.

At the oresent time intense ‘nterest is being shown in the possibilities
of applying DDT from airplun= Idr the control of the spruce budworm. Un-
fortunately, it —ill not be possible to ovalv~te tlo r:isults of aerial sppli-
cations made in 1944 againet this ineccet un*ii the svunner of 1945. The
Division of Forest Insect Investigeticas was able to mske rather extensive
tests with high-powered ground equipment in Colorads. Dosasges of 2.5, 5,
and 10 pounds per scre were apnlied. Some of these sprays werc vut on
prior to larval acsivity in the sprins; others were used when the larvae
were from cne-half grown to full grown. All applications totsling over 20
acres resulted in almost perfect control »f the spruce budworm. It is pos-
sible that the carly applications, which killed the young larvse as they
began feeding, were partially effective ageinst the sdults several weeks
later. Tf so, this would indicate that the benefits from the treatment
might carry over to the second year.

The effect of DDT on beneficial insect life and on wildlife hes been
given some considerstion and necds careful end intensive study in the coming
season. Much morc¢ information on such problems is desireble, if nct necos-
sary, before recommondations cen be mede for using DOT over sxtensive for-
ested areas. It may be steted briefly that DDT, applied a2t the rate of §
pounds per acre, has killud o wide variety of insect life within the eres,
including beneficial insects such as oredstors snd perasites. On the
relatively smell arcas treated, however, the insect feuna scemed to be back
to normel within 10 or 12 wesks. The %re<io..t .Ja2n %i11e03 cvel] rumbers
of small fish, crayfish, and frogs as well =s aquatic insects.

It is believed that the cxpverimental work with DDT in 1944, although
rather limited, warrants an optimistic attitude toward its use in the future.
There are, of course, meny kinks that must be ironsd out but, &ll in all, it
appears that DDT con be used as o swray from sircraft for the control of
defoliating insects with doszge requirements sulficicntly low to meke it
practical to cover large arcas of forest. More attention must be given to
the selection of the most suitable type of plene #nd to the imvrovement of
distributing devices. These problems heve been extensively discussed with
engineers end work is going forward. Some workers think thet lerser plenes,
capeble of carrying a2 ton or morc of insecticide, @re needcd. It is probable
that planes of slow speed--around 100 miles per hour--viould be more suitsble
then fester ones, because they could be hendled closer to the trectops.
Larger vlenes could probably be flovm at somewhet higher elevetions, sey
100 feect, permitting a greeter frctor of safety to the »nilot, as well ss
covering a wider sweth. It is not nececgsary to obtain comolete control of



most forest insects; a reduction of the defoliestion to such an extent )
that the trees will not succumb would be sufficient. Coverege, therefore,
need not be complete, and perfect lanping of the swaths would not be
necessary. The more heavily infested Bvots could be selected and treeted
first. With some insects, for example, the spruce budworm, it may be
possible to control two generations with one application of the insecti-
cide. It is also probable thet fairly good coverage =t the beginning of
an outbreak would prevent subsequent build-uvn of infestation, and satis-
factory control might be obtained with only one application.

More study is needed on merking devices, 1n order to permit repid
lining of the swaths by the aviators. For thie purpose chemical dyes and
balloon markers ere being investigated. :



